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n the past 40 years, evolution in the classification of vertebral fractures has been significant. One of the most complete and widely used classification systems is the AO classification, 1 proposed in 1994. It describes 3 basic fracture types according to lesion primary mechanism that are diagnosed using radiographs and computed tomography (CT): type A, compression; type B, distraction; and type C, rotation. These types are divided into 3 subgroups, each with 3 subdivisions. Some authors claim the subdivision complexity is the reason for low reproducibility indices. 2, 3 One of the most controversial points of this classification lies in the differentiation of the most stable patterns (type A) from the most complex or unstable ones (type B or C). The main difference lies in the condition of the posterior ligamentous complex (PLC). The fracture is considered type A if the PLC is not damaged and type B or C if it is damaged. 1, 3 Recent reports have tried to discern whether use of magnetic resonance imaging (MRI) is appropriate for assessing the state of soft spinal tissues, particularly the PLC. Magerl et al 1 used radiographs and CT to define fracture patterns; these tools can only show us the condition of the posterior tension band via indirect signals. [4] [5] [6] However, MRI seems to define the state of the PLC better. 4, [7] [8] [9] [10] [11] Öner et al 3 highlighted MRI's diagnostic power against conventional radiographs and CT in the reproducibility of AO classification. Nevertheless, the current authors found no studies using MRI instead of CT as a diagnostic tool to classify fractures according to AO classification.
The purpose of the current study was to determine AO classification reproducibility for vertebral fractures among a variety of observers using radiographs and MRI as diagnostic tools. The hypothesis was that MRI reproducibility power would be high because diagnosis of the soft tissues is more accurate and, consequently, so too is the degree of PLC stability.
Materials and Methods
A retrospective analysis was conducted of prospectively collected data from a recruited cohort of patients with acute traumatic thoracolumbar fractures admitted to the authors' hospital between 2008 and 2010. All patients were informed of their inclusion in the study, which followed the Declaration of Helsinki principles.
Patients with acute thoracolumbar trauma who were assessed on arrival via simple anteroposterior and lateral radiographs and diagnosed with vertebral fracture were included. Magnetic resonance imaging with fat-suppression sequences was performed on all patients within 5 days of admission. Exclusion criteria were nonacute fractures and pathological fractures (osteoporotic, infectious, or tumoral).
Magnetic resonance images were obtained via a 1.5-T system using T1-and T2-weighted fat-suppressed turbo spinecho pulsed sequences on sagittal and axial planes. Furthermore, short-tau inversion-recovery (STIR) pulsed sequences were obtained on the sagittal plane and T2-weighted fat-suppressed turbo spinecho sequences were obtained on the coronal plane. These images were used to define the morphologic pattern of the fractures, state of the intervertebral disks, and particularly PLC integrity.
Initially, 39 patients were recruited; however, 2 were excluded because they appeared to present with fractures based on symptoms and simple radiograph, but MRI ruled out an acute process due to the absence of vertebral edema. Once the data for the 37 patients and their complementary tests had been collected, a group of evaluators comprised 5 specialists in spine surgery (all orthopedic surgeons), 1 second-and 1 third-year orthopedic surgery resident, 2 radiology specialists from the musculoskeletal unit, and 1 secondand 1 third-year radiodiagnosis resident. This group was responsible for classifying each fracture according to the 3 main types of AO classification using radiographs and MRI as imaging tools.
Prior to initial assessment, a teaching session was held to explain the characteristics of AO classification based on how they were defined by Magerl et al 1 and to explain the fundamental differences among the 3 main types. Each observer received a visual diagram of the classification to assist him or her. The criteria for MRI diagnosis of PLC rupture outlined by Lee et al 11 were used: rupture was diagnosed with a loss of ligamentous continuity (clear discontinuity of the black stripe) of the supraspinous and ligamentum flavum ligaments in T2-weighted fat-suppression and STIR sequences, and damage of the interspinous ligament and facet capsules was diagnosed with anomalous signal increase (hyperintensity) in T2-weighted fat-suppressed and STIR sequences.
A file was created for each patient and assigned a random number. Each file included the digital images of the main vertebral fracture, with anteroposterior and lateral radiographs and MRI sequences with specific protocol. Each fracture was analyzed by each of the evaluators in random order in 2 sessions, with a 6-week interval between each session. On completion of both sessions, the data were collected and statistically analyzed.
The parameter used to assess the agreement rate among the evaluators (interobserver) and each evaluator with himor herself (intraobserver) was the kappa 2 coefficient via the pairwise method and standard error was calculated with the jackknife method. Furthermore, the group of observers was divided into 2 groupssenior assistants vs residents and orthopedic surgeons vs radiologists-to analyze whether observer experience or specialized training influenced fracture analysis reproducibility. Comparisons were performed with the pairwise Student's t test. The kappa comparison by normal approximation indicated significant difference at a P value less than .05. The Stata version 11.1 system (StataCorp, College Station, Texas) using MACRO kappa 2 (Zamora J, Lázaro J, Abraira V, Unidad de Bioestadística, Hospital Ramón y Cajal, Madrid, Spain) was used for the analysis.
In total, 37 patients (19 men and 18 women) were included in the study. Mean age was 36 years (range, 10-60 years). Eleven patients had vertebral lesions at multiple levels and 26 patients at 1 level. Thoracic-level injuries (T1-T10) were found in 8 (21.6%) patients, thoracolumbar joint injuries (T10-L2) in 23 (62.2%), and lumbar injuries (L3-L5) in 6 (16.2%).
results
The global interobserver agreement was kappa5 0.53 and 0.47 in first and second sessions, respectively (Table  1) . Regarding intraobserver agreement, a mean kappa of 0.58 was obtained, with values ranging between 0.38 and 0.76 and greater results obtained by the evaluators with more experience ( Table 2 ). The orthopedic surgeons subgroup reached an interobserver agreement of kappa50.71, whereas the radiologist group obtained an interobserver agreement of kappa50.48 (Table 1) . This difference was statistically significant (P5.0087).
Regarding the subgroup of residents vs senior assistants, a significant difference was found (P5.02) in favor of the senior assistants. Interobserver agreement was kappa50.59 and 0.54 in the first and second sessions, respectively, between senior assistants and kappa50.45 and 0.31 in the first and second sessions, respectively, between residents ( Table 1) . The subgroup with greatest agreement classifying fractures was the orthopedic surgeons (kappa50.71), and the subgroup with lowest agreement was the residents (kappa50.31) ( Table 1) .
discussion
A classification is defined as a stratification of a series of elements. This enables the creation of different groups to establish, facilitate, and standardize diagnostic, therapeutic, and prognostic processes. For a classification to be useful, it must have a series of qualities, such as simplicity, usefulness, and reproducibility capacity (reliability). The best way to test classification reliability is to analyze the degree of agreement among different observers who must use it. 12 Different classifications for defining vertebral fractures exist, and one of the most widely used is the AO classification, proposed by Magerl et al. 1 It describes 3 basic patterns according to the primary production mechanism: type A, compression; type B, distraction (involving PLC lesions); and type C, rotation (involving PLC lesions and vertebral body traslation). This classification was originally described based on radiographs and CT. The current authors found no study validating its systematization using MRI. As with the Denis classification, the degree of this classification's agreement and reproducibility is limited when using simple radiographs and CT. 2, 3 Magnetic resonance imaging has emerged recently as the main diagnostic test to assess the state of spinal soft tissue, especially the PLC. 5, 8, 9, 11, 13 With this diagnosis tool, Öner et al 3 In the current study, the orthopedic surgeons subgroup achieved an interobserver kappa of 0.71. This decreased to 0.48 in the radiologists subgroup, although 1 musculoskeletal radiologist obtained the best agreement. These data coincide with those obtained by Lenarz et al, 15 who demonstrated greater interobserver reliability with CT among the spinal surgeon group (kappa50.71) compared with the nonspinal surgeon group (kappa50.52). This difference may be due to the fact that surgery offers the possibility of learning to recognize fracture patterns on imaging modalities along with the experience of direct contact with its real morphology. This enables adapting this anatomy to complementary test images. In the study by Rinh et al, 16 spine surgeons demonstrated a greater interpretation capacity using MRI to identify PLC lesions compared with radiologists.
In the current study, analysis of the subgroups allowed for verification that the greater the experience with AO classification, the better the agreement indices and the more uniform the results. Thus, the senior assistants obtained the maximum interobserver agreement kappa of 0.59 and the residents obtained a kappa of 0.45, similar to results published by Lenarz et al 15 using CT. The same happened with intraobserver reliability. Professionals with less experience obtained the lowest agreement (kappa50.38), and professionals who were most familiar with with the classification obtained the highest agreement (kappa50.76).
A limitation of this study was that reproducibility results between the 2 main imaging tools (CT vs MRI) were not directly compared. Nevertheless, using published data, the reproducibility of the AO classification appears slightly higher with MRI. Öner et al 3 claimed that MRI could replace CT in its assessment. Agreement values are generally moderate and, judging from the data improvement, depend more on experience with the classification and direct contact with surgical anatomy than on the imaging tool used. Magnetic resonance imaging may also have disadvantages when used in trauma situations, including costs in some countries, length of time required for the study, and difficulty in obtaining the study in unstable patients. Advantages of MRI could be the nonradiation and greater description of the soft tissue (eg, spinal cord, disks, ligaments). The authors believe that the obtained data indicate that MRI is a useful imaging tool and recommend its use, in addition to CT, in vertebral fracture diagnosis.
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